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DESCRIPTION 



SURFACE TOUGHENING METHOD OF A SINTERED MATERIAL 
CUTTING TOOL AND A LONG LIFE SINTERED MATERIAL 

CUTTING TOOL 

FIELD OF THE INVENTION 

The present invention relates to a method for surface toughening of a 
ceramics sintered material cutting tool by improving fracture toughness, 
fracture resistance and thermal shock resistance of said ceramics sintered 
material cutting tool by forming a linear dislocation structure which is 
distributed uniformly in the sub-surface regions of the ceramics sintered 
material cutting tool using a shot blasting treatment, which is a plastic 
working at room temperature. Further the present invention relates a 
ceramics sintered material cutting tool whose surface is toughened by 
forming a linear dislocation structure distributing uniformly on the surface 
of product. 

BACKGROUND OF THE INVENTION 

Recently, requirement for high-speed, high -effective working is 
becoming more serious in various industries, and the improvement of 
machine tools is remarkable. Along with the improvement of rotating speed 
of machine, edge temperature of a tool of machines elevates at cutting 
works and a sphere where ceramic tools are applied is broadly expanding, 
and a development of a ceramic tool is progressing. Especially, in the 
application of cutting tool such as drill, end mill, bite or throw away tips 
that the mounting/dismounting is freely made to various cutting tools, 
ceramic products are recognized as a promising material for tools 
applicable for high-speed cutting because of its excellent heat resistance, 
wear resistance and chemical stability, and is utilized for the manufacture 
of the tool for cutting work of cast iron. Recently, the ratio of a ceramic tool 
in the field of a cutting tool becomes about 10%. 

However, a ceramic material is a brittle material and has weak points 
that chip and crack are easy to be generated. As an important feature to be 
required to a ceramic material tool, wear resistance and fracture resistance 
(fracture toughness) can be mentioned. When the wear resistance is bad, it 



is necessary to change a cutting tool frequently, and the productivity is 
deteriorated. Further, when the fracture resistance is bad, the sintered 
material is fractured at the cutting process and spoils the machined surface 
of the work. For ' the purpose to improve the cutting efficiency, it is 
necessary to prolong the life of a cutting edge so as to endure the long term 
use. K 

Accordingly, in a cutting tool composed of materials such as cemented 
carbide or ceramics, prolonging the life of a cutting edge is investigated by 
improving wear resistance or corrosion resistance of the cutting edge part 
by partially inserting a high pressure sintered materials such as cubic 
boron nitride or sintered diamond to the cutting edge, or treating by a 
specific heat treatment or coating by titanium carbide, titanium nitride, 
alumina or diamond like carbon. 

In JPA H4-331070 publication (Document l), invention relating a 
method to prolong the life of tool by making the surface structure of a 
cutting tool fine and minute that is composed of cemented carbide, SKH 
(high-speed tool steels) of hardening alloy steels, SKD (alloy tool steels) or 
carbon steels for ^machine structural use, SCM by blasting spherical 
abrasives of 300 mesh (approximately 50 //m) to 800 mesh (approximately 
20 julvci) particle size with air blow of 3-10Kg/cm 2 to the surface of said 
cutting tool is disclosed. The inventors of the present invention are already 
proposed in JPA £002-300765 publication (filed on October 15, 2002, 
Document 2 ), a inethod for surface toughening of a ceramic product 
comprising, forming uniformly distributed linear dislocation structure in 
the sub-surface regions of the ceramic product by using abrasives composed 
of fine particles having convexly curved surface and having an average 
particle size of 0.1^/m to 200/zm and a Vickers hardness (HV) of 500 or 
more and of a hardness (HV) of the ceramic products +50 or less, and a 
ceramic products whose surface is toughened. Further, in W. Pfeiffer and T. 
Frey, "Shot Peening of Ceramics^ Damage or Benefit", Ceramic forum 
international Cfi/Ber, DkG 79 No.4, E25 (2002) (Document 3), toughening 
of ceramics by shotjblasting is reported and a relationship between blasting 
materials, blasting pressure and toughening characteristic is investigated. 
However, method to adjust a shot blasting condition according to the 
relationship between formation of dislocation density of linear dislocation 
structure distributed uniformly measured by a transmission electron 
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microscope and thermal shock resistance is not referred in this document. 

Recently, the cutting conditions for cast iron or heat-resistance alloy 
are becoming more severe, and in a rough turning working or a milling 
cutter working, high-speed cutting over lOOOm/min is required. Further, in 
a case of high-speed cutting, the temperature of cutting edge becomes 
1000 °C or more, ("Ceramics Engineering Handbook (2 nd edition)" 
(Application) edited by Ceramic Society of Japan, March 31, 2002 
printed by GIHODO SHUPPAN Co.,Ltd., p. 1285- 1292, especially p. 1290, 
Document 4), and interrupted cutting processes are repeated in said 
condition, therefore an excellent thermal shock resistance is required. 
However, a conventional cutting tool characterized by inserting a high 
pressure sintered materials in a cutting edge part or by coating treatment 
with high hardness film has a problem that can not endure against such a 
severe high-speed cutting condition and causes fracture or delamination of 
coated film. 

The subject of the present invention is to provide a method for the 
manufacture of tools whose heat resistance required in said cutting 
working is improved and whose life time is prolonged and to provide tools 
whose properties mentioned above are improved. 

Aiming to accomplish said subject, the inventors of the present 
invention investigated whether the technique disclosed in the Document 2 
by the inventors of the present invention can be applied for the 
improvement of said properties, and confirmed that fracture toughness, 
fracture resistance and thermal shock resistance can be improved and 
cutting tools whose life time is improved can be obtained, and accomplished 
above mentioned subject. 

DISCLOSURE OF THE INVENTION 

The 1 st one of the present invention is (l) a method for surface 
toughening of a ceramics sintered material cutting tool comprising, forming 
uniformly distributed linear dislocation structure in the sub-surface 
regions of the ceramics sintered material cutting tool by using abrasives 
composed of fine particles having convexly curved surface and having an 
average particle size of 0.1/zm to 200 //m and a VLckers hardness (HV) of 
500 or more and a hardness (HV) of +50 or less which is the hardness of 
said sintered material cutting tool. Desirably, the 1 st one of the present 
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invention is (2) the method for surface toughening of a ceramics sintered 
material cutting tool of (l), wherein a plastic working is carried out by shot 
blasting pressure of 0.1 to 0.5 MPa, shot blasting speed of 20m/sec to 
250m/sec, shot blasting amount of 50 g/m to 800 g/m and shot blasting time 
of 0.1 sec/cm 2 or more to 60sec/cm 2 or less, more desirably, the 1 st one of the 
present invention is (3) the method for surface toughening of a ceramics 
sintered material cutting tool of (l) or (2), wherein the dislocation density 
of uniformly distributed linear dislocation structure in the sub -surface 
regions of the ceramics sintered material cutting tool is in the range of from 
lX10 4 to9X10 13 cm 2 . 

The 2 nd one of the present invention is (4) a long life ceramics sintered 
material cutting tool possessing a structure whose dislocation density of 
uniformly distributed linear dislocation structure in the sub -surface 
regions of the ceramics sintered material cutting tool is in the range of from 
1X10 4 to9xi0 13 cm 2 . 

BRIEF DESCRIPTION OF THE DRAWING 

In Fig.l, toward a sintered material cutting tool product 4, which is a 
work held to a product holding part consisting of a table 5 which can be 
moved toward X-Y direction by a X-Y table driving part 6, it is possible to 
blast a selected abrasive particles for plastic working suited to said work 
from a blasting nozzle 3 by controlling blasting pressure or blasting 
amount of the abrasive particles. The blasting nozzle can be made movable 
to X-Y direction instead of moving of said table 5. Used abrasive particles 
for plastic working is recovered by a recovering apparatus 7 and separated 
from deteriorated blasting material and reused. Said abrasive particles can 
be shot blasted with air or with liquid like as a liquid honing. They are 
stored in a cabinet 1 with a cabinet door 2. 

The present invention will be illustrated more in detail. 

I . As an apparatus to carry out shot blasting treatment to a cutting 
tool, apparatus mentioned in above Document 2 can be mentioned. The 
apparatus mentioned in said Document 2 is Microblaster MBI type 
apparatus (nozzle diameter- 8<&mm, shot blasting distance- 150mm), 
product of SINTOBRATOR Ltd, which can stabilize the processing accuracy 
by quantitative supply of fine particles. Plastic working (shot blast 



5 



treatment) of the present invention can apply basically a method disclosed 
in said document 2. That is, blasting treatment conditions such as blasting 
pressure, blasting speed, blasting amount and blasting time are adjusted 
not to injure the surface of a ceramic product to be treated. Further, as fine 
particles to be used for shot blast treatment, fine particles selected from the 
view point that has a surface shape not to injure the work material and has 
a Vickers hardness (HV) lower than that of the material composing ceramic 
product to be treated can be used. 

Compared with the art disclosed in said Document 2, the present 
invention is characterized as an art to produce a ceramics sintered material 
cutting tool made of ceramics whose surface is toughened, for example, 
"SNGN 120408" throw away tips of silicon nitride to be used for a turning is 
used as a toughening treated sintered ceramics and to obtain a product 
whose life time is improved by said toughening treatment. 

As an example of a toughening treated sintered ceramics cutting tool, 
products made of ceramics of silicon nitride or alumina, and high hardness 
particles distributed composite material such as hard metal and cermet can 
be mentioned. 

II. As mentioned above, In Fig.l, toward the sintered material cutting 
tool product 4, which is a work held to a product holding part consisting of 
a table 5, a selected abrasive particles for plastic working suited to said 
work material is blasted from a blasting nozzle 3 by controlling blasting 
pressure or blasting amount of the plastic working abrasive particles. By 
making the blasting nozzle movable to X-Y direction, same effect can be 
obtained. Used abrasive particles for plastic working are recovered by a 
recovering apparatus 7, separated from deteriorated abrasive particles and 
recycled. Abrasive particles can be jetted with gas or with liquid like as 
liquid honing. The restriction of blasting speed from 20m/sec to 250m/sec is 
the condition to jet the abrasive particles vertically toward the surface of 
specimen at the measurement of fracture toughness of blasting treatment. 
Further, the lower limit of the blasting speed is the restriction from the 
view point of workability of the plastic working (shot blasting) treatment 
and the upper limit of the blasting speed is the limit to restrict the range in 
which a defect such as chipping does not occur. 

III. The particle size of abrasive particles for plastic working is an 
important factor relating to the improvement of fracture toughness Kic of 
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the sintered material cutting tool product. Further, the finer particle size 
promises easier treatment by plastic working of the present invention for a 
ceramic product having complex surface shape. 

For designing plastic working blasting treatment which is a surface 
toughening structure forming plastic working, it is desirable to design 
considering specific features required to a ceramic product to be treated by 
changing size of abrasive particles for plastic working, hardness or shot 
blasting pressure, or changing combinations of these factors. 

EXAMPLES 

Measuring apparatuses, evaluation method used for the investigation 
of specific features of the toughened ceramics product prepared by a 
toughening working method are illustrated as follows. 

a. Dislocation density and structure* Thin film specimen for TEM 
observation is prepared by an Focused Ion Beam Apparatus (Hitachi 
F-2000) and the structural characteristics is observed by a transmission 
electron microscop e (TEM) JEOL-200CX (accelerating voltage: 200kV), 
product of JAPAN ELECTRON OPTICS LABORATORY CO., Ltd. 
Dislocation density can be obtained by measuring the dislocation length per 
unit volume. Concretely, the dislocation density is measured by following 
procedure, that is, (l) measure the thickness of a thin film specimen, (2) 
take a TEM observation picture of the point where dislocation density is 
measured, (3) measure the length of dislocation contained in the unit 
volume. 

b. Fracture toughness,* Fracture toughness is measured based on 
Indentation-Fracture method (IF method) prescribed in JIS R 1607. 

The specimen is ground and polished by a diamond abrasive paper of 
#600, #1000, #3000 in order then by 1/zm alumina suspension so as to 
obtain surface roughness of 0.2S or less. 

Using a Vickers hardness tester, the optimal value of indentation load 
is selected from 5kgf, lOkgf and 50kgf according to a quality of the testing 
material. Holding time of load is set to 15sec. 

By measuring the diagonal length of indentation mark and length of 
crack generates from 4 corners of indentation mark (2c, unit; m), fracture 
toughness value is calculated by following numerical formula. 

Kic =0.018(E/HV) 1/2 (P/c 3 ' 2 ) 
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Wherein, Kic is fracture toughness (MPa*m 1/2 ), E is Young modulus (Pa), 
HV is Vickers Hardness (Pa), P is pressing load (N), c is the half of the total 
length of a crack (m). 

c. Evaluation of fracture resistance of the obtained sintered ceramics 
cutting tool- Using a specimen of tip shape of SNGN 120408 and chamfer 
0.085, and a work material is cast iron (Mark; FC200). Under dry condition, 
and by condition of cutting speed; 150mm/min, depth of cut; 2.0mm, feeding 
speed; l.Omm/min, cutting is carried out and continued until a fracture 
causes. Number of worked mountains until a fracture is observed is 20 or 
more is evaluated as © (excellent), from 10 to 19 is evaluated as O (good) 
and less than 9 is evaluated as X (rejected). In examples mentioned below, 
indication mentioned above is used. In the description, number of worked 
mountains means the number of mountains can be cut without fracture of 
the specimen of tip shape when cutting of mountains is carried out 
interruptedly, wherein the mountains are formed on a work by engraving 
plural grooves on the work. 

"SNGN 120408" is a mark indicating dimension of tip put on according 
to the "naming of throw away tip" of nega-tip shape prescribed in ISO 1832 
indication. "S" is a mark for shape and indicates that the shape of tip is 
square. "N" is a mark for angle of relief and indicates that the angle of 
relief is 0° . Further, "G" is a mark of accuracy indicating that the 
dimensional allowances (unit; mm) are ±0.025 by diameter of inscribed 
circle, ± 0.13mm by thickness of tip and ±0.025 by corner height. "N" is a 
mark for groove -hole, and indicates that there is no groove -hole. "12" is a 
mark for length of cutting edge and indicates that the diameter of inscribed 
circle (unit; mm) is 12.70. Then "04" is a mark for thickness and indicates 
that the thickness (unit; mm) is 4.76. "08" of the tail is a mark for corner 
and indicates that the radius of corner (unit; mm) is 0.8. 

d. Evaluation of thermal shock resistance- Using a square test piece of 
JIS specimen size (3 X 4 X 40mm), an experiment of thermal shock 
resistance is carried out on above mentioned ceramics materials. According 
to thermal shock resistance test prescribed in JIS standard (JIS R1615), a 
test piece which is expanded by heat is thrown in water (30°C). The surface 
of the test piece which contacts with water is cooled down by water and is 
tending to shrink, however, the inside which does not contact with water 
maintains high temperature, and internal stress (tensile) causes. Said 
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action is repeated by elevating heating temperature gradually (l50°C 
-1000°C), and the temperature where crack is caused in the test piece by 
this thermal shock is investigated. 

The explanation of following Examples intending to easy understanding of 
the present invention and not intending to limit the scope of the present 
invention. 

Examples 1-6, Comparative Example 1 

As the ceramics product to be processed, a specimen of silicon nitride 
whose hardness is 1380HV and bending strength is llOOMPa is used. 

"SNGN 120408" throw away tip of this silicon nitride and a square 
test piece of JIS test piece size (3 X 4 X 40mm) are set to a shot blasting 
apparatus and processed to form dislocation structure mentioned above 
under various shot blasting conditions mentioned in Table 1 using various 
fine particles having convexly curved surface mentioned in Table 1. Using 
obtained ceramics sintered material cutting tools working is carried out on 
a cast iron specimen by above mentioned cutting condition, and evaluated 
by above mentioned evaluating method. Results are indicated according to 
above mentioned standard. 
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From the results of Table 1, it is clearly understood that the fracture 
toughness of the processed products of the present invention is improved in 
proportion to dislocation density formed on the surface of specimen after 
shot blasting treatment at room temperature. Further, it is recognized that 
fracture resistance is greatly changed before and after treatment, and the 
relationship is recognized with that whose fracture toughness is large. Still 
further, in Example 6, when thermal shock resistance is compared with 
that of Comparative Example 1, it is obvious that the thermal shock 
resistance is greatly improved. Example 5, in which very high dislocation 
density is formed on the surface of specimen after shot blasting treatment, 
since chipping is caused on the surface of specimen, measurement of 
fracture toughness is impossible. Reason why is considered as follows. That 
is, when the number of dislocation increased, cracks based on reactions 
between dislocations are generated and chippings become easily caused. 

Examples 7-10, Comparative Example 2 

As the ceramics product to be processed, a specimen of alumina whose 
hardness is 1700HV and bending strength is 375MPa is used. 

"SNGN 120408" throw away tip of this alumina is set to the shot 
blasting apparatus and processed to form dislocation structure mentioned 
above under various shot blasting conditions mentioned in Table 2 using 
various fine particles having convexly curved surface mentioned in Table 2. 
Using obtained ceramics sintered material cutting tools working is carried 
out on a cast iron specimen by above mentioned cutting condition, and 
evaluated by above mentioned evaluating method. Results are indicated 
according to above mentioned standard. 
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From the results of Table 2, it is recognized that fracture resistance is 
greatly changed before and after treatment, further the relationship is 
recognized with that whose fracture toughness is large. Further, similar to 
Examples 1-6 using a silicon nitride specimen, it is clearly understood that 
the fracture toughness of the processed products of the present invention is 
improved in proportion to dislocation density formed on the surface of a 
specimen after shot blasting treatment at room temperature. Still further, 
In Example 10, when thermal shock resistance is compared with that of 
Comparative Example 2, it is obvious that the thermal shock resistance is 
greatly improved. In Example 8, similar to the Example 5 using a silicon 
nitride specimen, in which very high dislocation density is formed on the 
surface of specimen after shot blasting treatment, since chipping is caused 
on the surface of specimen, measurement of fracture toughness is 
impossible. Reason why is considered as follows. That is, when the number 
of dislocation increased, cracks based on reactions between dislocations are 
generated and chippings become easily caused. 

Examples 11-14, Comparative Example 3 

As a material to be treated, a cemented carbide (WC*10%Co) whose 
hardness is 1600HV and bending strength is 2000MPa is used. 

"SNGN 120408" throw away tip of this cemented carbide is set to the 
shot blasting apparatus, and shot blasting treatment is carried out 
vertically from thickness direction to the surface of a specimen. 
Measurement of dislocation density by TEM observation, measurement of 
fracture toughness are carried out, and fracture resistance is evaluated. In 
Table 3, conditions for plastic working (shot blasting) and results of 
characteristics of the cemented carbide before and after treatment are 
summarized. 
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From the results of Table 3, it is recognized that fracture resistance is 
greatly changed before and after treatment, further the relationship is 
recognized with that whose fracture toughness is large. Further, similar to 
above mentioned test results, it is clearly understood that the fracture 
toughness of the processed products of the present invention is improved in 
proportion to dislocation density formed on the surface of a specimen after 
shot blasting treatment at room temperature. Especially, fracture 
toughness of Example 14 using cemented carbide is 28, and this value 
exceeds fracture toughness level 13 of cemented carbide which is 
recognized to have high toughness, that is, toughening effect to be 
surprised is achieved. 

INDUSTRIAL APPLICABILITY 

As mentioned above, when surface treatment is carried out by a shot 
blasting treatment, which is relatively easy method, the surface of a tool 
causes a plastic deformation and dislocation is introduced on the surface of 
the tool, and fracture toughness and thermal shock resistance are improved. 
Consequently, excellent effect that the life of the tool is remarkably 
improved can be provided. In Examples, silicon nitride, alumina and 
cemented carbide are mentioned as examples, however not limited to these 
materials, and of cause can be applied to a tool of cermet or complex 
material such as cemented carbide in which high hardness materials are 
dispersed. 



